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METHOD. 07 SCMteHHS'. ; < 



Thia invention relates to a method of 'Scanaiing. 

5 when a rotatable sample holder, is used Jin doftjunction 
with a relatively, movable scanning '.device;/ 'it is known 
to scan around the holder in order .to ^Stab^sh or 
confirm the radius of the holder and «tlya "co-ordinates 
of the origin of the holder. ■ This irtf o-ntjat'ioh la used 
10 to interpret" data produced by'' soanning'^n: dbject 
located on the sample holder. ■ , ' , ' . . 

A problem with this method is" that .it assumes • that the 
sample holder surfaces are square and fh;a;t '.the 

15 circumferential surface of the- sample -h»W$r -remains 

co-linear with respect to its, rotatio-nal a*is along its 
length i.e. that the surface of the 'sample 'holder on 
which a sample is located is perpendicular <to:tha 
rotational axis . Additionally, }Ln • o?6&c for • this 

20 assumption to be treated' as valid, tlws ieiqu'ipment must 
be manufactured to tight tolerances .which' -increases the 
cost of the equipment- s 

Accordingly, the invention provides a. method of 
25 scanning comprising the eteps 'of i y ] ; 

providing a scanning system, having.', a' sjample holder 
which rotates about a rotational axis. .and. si relatively 
movable scanning device; > « , ' . 

establishing orientation "of ; the sample] holder with 
30 respect to the rotational axis; « • , ; « 

scanning an object -located on .the sample .holder; 

ana • \ « , • » . 

i • * » % » 

correcting data from the '-scan using, the • 
orient.ation of the sample holder , ■ . . ; 
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' * "Am v 
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The invention will now be d© scribed * by : w^y 'of. example, 
with reference to the accompanying . drawings/ of which: 

Fig 1 shows schematically a scanning system; 

Fig 2 shows schematically the . eff e^t? ,6% £n 
orientation of a sample holder with respect to the 
rotatable axis; • ' * 

Fig 3 shows a preferred method o£ •sdanning; and 

Fig 4 is a flow diagram showing .different steps 
according to an embodiment of 'the intfenHzitonJ 



Fig 1 shows a scanning system 10 having' a? 'Bade 12 which 
supports a sample holder 14 and a back portion 16. A 
scanning device 18 , which in this cas£ is' a grobe 
having a scanning tip 20, is supported by*the ( back 

15 portion 16 • A sample 22 is located on t*Mri[ sample 
holder 14 for scanning. The sample <hblUe<jl4 \ is 
rotatable about an axis 24 and is mov^'ahlis along a 
vertical or Z-axis. Thus, the sample!h)ilti4c ;i4 moves 
alogig a helical path, the probe* tip £0 i'jS' moveable 

20 along an axis A which is disposed <*£ ;45; D fco 'the axis of 
rotation 24 of the sample holder i4. * . 

.•it' 

As an alternative, the sample. • holder ,1,4, is, rptatable 
and the scanning device moves .in; the vertical , or Z 

25 direction. , . . 1 : 

* * * 
\ * i * i 

' • * i • s » 1 * 
Fig 2 shows the effect of a misaligned or, non 'co-linear 
sample holder 14b. Instead of lying ( co r linfearly with 
rsspset to the. rotatable axis 34 ~ c\S shovrft by dotted 
30,. lines designate d Ijg-gsid- 2Sa, a- ioto±i^cg^r^ f 
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when interpreting the scan. data,* it i* assumed that the 
sample holder is co-linear with .respect to the 
rotational axis 24. • 



.A* 



0JY. 



.-.ys 



5 to remove this source of error, either sprior . to or 
after a sample scan has occurred^ the ' orientation of 
the plane of the upper surface' 2 6b, of the 'sample holder 
14b is established. « , t , . '>V> 

; . • ' » ; ' . ; 

10 in the simplest case, where the sample fcoi^ merely 
rotates, this can be achieved- by, taking t>hre<? radially 
spaced apart measurements of the upper surface 26b with 
the probe tip (not shown). These- three Jpoxnts define 
the plane of the upper surface 26b';arid din -be used to 

15 correct data from the sample scan to ^e&leqt; this, real 
plane of the upper surface 2Sb.. * . • - ' 

Where the sample holder 14 is. assigned ^ vertical, • 
movement as well as a • rotational; movement;,: ?aore than 

20 three points are required as the' helicaO, *>£ ,>piral path 
through which the sample holder moves wiljL ?6ask the 
actual plane of the upper surface 266* la this 
situation, a number of points! are t a keny. perhaps, as 
individual points' or, more preferably 1 .,. ««• M 'single soan 

25 of the upper surface which encompasses at leal St two- 
thirds of a rotation of .the sample ".holder:. Two-thirds 
of a revolution is the. minimum- angular rotation 
required to define a . plane accurately,, . } . 

• ' * . * 

. 30- The size of the upper surf ace * ; of . the sample holder is. a 
further factor which determines the -.size 'p£ .the 
" correctional data set. If the upper «rt£*q^is small, 
it is preferred that a larger number of: data -points are 
taken as this then reduces the* error *otJrt>duoed by any , '-^ 

» • i V 



••'V? 

V i .« 
j > , • 
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Referring now to Fig 3, it is import 4^ .th^t the probe 

tip is located accurately on the upp^r ^surface 26 so 

• < * « * 

that any edge effects are not : included. •' T*ie! sample ■ 
holder 14 is provided with a chajmfer ( 34\arid the sample -j V«; 
22 has a rounded edge 32 where' it me^tsf the 'sample 
holder 14. If either the chamfejr 34 'of • rounded edge 32 



JV .vi .' 



are scanned when the plane of the iipper }s>iirf ace is 
10 be±ng ■ egrtedorllahed (the* oriarfta"tipn strati"), .errors would \ "V^f 



be introduced. Thus, in a preferred 'enfijodiiftent, inner 

and outer radial boundaries ate set: which* define a X^*< 

region in which the orientation scan mu-st; dciur. % +'& 

* * * » » » Si 

f , » i *r 

■ . } : ; ' vj» av 

The boundaries may be established by-'irtit^iatlly 
conducting a scan of the circumference bf th$ sample 



holder 14 (the x,y boundary scan) which; establishes the V ; \A s . 



■ ft 



radius and co-ordinates of the origin of ttt£ sample 

holder. A known defect in the • surface,! 'flor 'example, .'^v|' 

20 the chamfer 34 r is subtracted from the xadfius of the • 

sample holder 14 to create the outer bo/unrfary- The o V;t 

radius of the sample 22 plus rounded ecfige .32 lis added ^fif&ty 

to the origin of the sample holder 14« ,too create the v V: 

inner boundary. A safety factor, for example, to ' t 

\ * * * , * , * 

25 account for non-central placement of the sample may % '\;\ 

als % o be added to or subtracted from -the boi^ndaries. \V' : Ift 

The probe tip thus has a defined region .3:6 in which the 



* \ 1 # v* t 



orientation scan must occur in ordej; to« be 'considered *% \*\\\ 

^ ^ 4 
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• ' ' •• • ' . i . • .'VAT 

: . ;vv f i 

encounter the sample overhang, 38» instead, of # the upper :'.v/&& 
surface of the sample holder 14 .J To [alleviate this 
problem, the orientation scan' may be 'further 'ff'fo 
constricted' by a z boundary which defines limits for 
5 the scan in, the vertical direction ."• [Fox. .a -'misaligned 
sample holder (see Fig 2, 14b), it is; assumed that the . 
probe tip will first encounter the >u£jpeoi Surface 26 of 
the sample holder 14b at the lowest jjpi*itr,qn the plane 
' surface as the probe scans 40 perpendicular ly * to. the 

10 rotational axis 24. This point of ;f ±*ep 'eneottnter is 
used to define z boundaries for phe . orientation scan. 
As a minimum of between two-thirds '.arid about 'three- . 
quarters (see Fig 4) of, a revoiu^iqn ,£sv desired to 
define the plane of the upper surface, the .upper > t 

15 vertical distance is defined as a minimum- ;of 'the height ^ ,^ V. 
change experienced during one revolution.) The lower; 
vertical distance is preferably defined jnjot, M zer 4 v Vv 
but as minus about half a revolution <eo! >apdount -for , 
circumstances where the swash angle 8 ,is* jamijli when- the 

20 assumption that the first encounter is at: ',t>ie lowest 
point may not be valid. .Again additional 'safety 
factors are added to these limits. . : 



..1 



When a 2 boundary has been defined,- thie has '.the effect V,.|£>; 
of limiting the swash angle S that .can be. detected. ',, 
Note, 'a system has a maximum swash awglja wit H .which it :,'/•;< \. ,J j 
can function and this provides , a. ma«imu?n v'ajlue that the 
z boundary cannot exceed. This can" 'be advantageous as, 
the larger the swash angle S, the, more eppentric the 
movement of the. sample which can; introduce additional 
errors into a scan. For example, , when a tou,dh probe is ■ 
used, there are limits tq the '.amount of. mb'tidn the ,. 
probe" tip can undergo along its axis .('Fig' 1, .axis A). , '• \ |rj 
When the probe nears the limits of >this motion, - % v l 
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accuracy is reduced, . • ' ' , \ „ 

. * . . > « 4 . ■ '< V > 

*• v 



Fig 4 shows a flow diagram 100 which Retails the steps 
involved in one embodiment of ' defermixjing Whether or 
not. to accept the orientation scan/ ' ; v ''\/ v 

• • : • : ; : - : ■ ' 4 • « \, 

In this example, the probe conducts a' single , scan of , \ 
the upper surface and a single revplutlon; 'consists of /» >*< J 

1820 data points being taker; by the" prob© tip.- '. 

Firstly , the orientation scan llfr is conducted. This »' 
scan may or may not be subject to the, x, y* arid! 2 
boundaries detailed above. Next'/, it ila? -de'beitttiined 
whether two-thirds of a revolution 'has beer^ conducted 

15 120. If not, then the orientation 'ad^n is Rejected 
122. If the answer is yes, then 1 the -oriehtation scan 
is accepted 124. Two-thirds of a ^evblutuiqn 'is the 
minimum angular range required t it* or^er that, -a plane 
can be determined accurately.- In thi^s .ex^mfJle, two- 

20 thirds of a revolution means that 1220 data' joints have s ''vV$ 
been collected, 1 



. * * * » * . j 



In a next, optional step, the surface, ifc divided into 

quadrants 130 and each quadrant is .ohscJcefci 'against a . •A.*: 

25 minimum number of data points 14C , If arvy; ^ugdrant , a/V* 

does not have the required minimxrm,, the orientation. ... ,».«, 

- - • v N . : '1 • * 

scan is rejected 142. If -all the quadrants meet this ; / •fr 

requirement, we proceed 144, to the n*jfct/*te]?p. The * 

requirssncnt ths.t data, collected in efech quadrant * . . / ' V 
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quadrants is statistically mote accurate ,tha*L the two- 
thirds of a revolution requirement ,\ th£s .is a preferred \" ^ 
feature. In this example, a mir\im^m datsi 'set # for each 
quadrant is slightly less than half a /Whoig Quadrant ' \$\., 



data set, i.e. 200 data points, ;> ' , \ 'i •„ » 

, , , V ■ 



If this final, optional requirement is ori^tp a best fit 1 . • p W 

for the orientation of the plane^ is deteiqr&ined 150 <„ , \ 

' * . . * ' * * V 

using known mathematical techniques'. ] ' ! V,/V: v fc i 

in ' „ 

Additionally or alternatively, to ensiire -tHat any 
sample overhang is avoided in the calculation of the 

orientation of the plane of the upper .su^f c^ce, a 

» • * 

maximum data set for each quadrant, may be set'. In this 
15 example, the number of data points pqr .quadrant in a 

single revolution ±,.e. 455 data points is; used as this 



30 optical scanning devices are ilsp suiliabl^ for use with 
the invention. * % 



* " ; v 



it 



If the orientation scan has b&en rejected* -then a y, 
20 further scan is made which may be usdd 'iriste^d 0 f or as 
an addition, to the rejected scan. *Thus the orientation 
scan may comprise a number of discrete .scaiia; v^Vfc 
Furthermore, the orientation scan may comprise data 
points from anywhere within the x, $ fctoUsndstfy ' (if used) V'&j'i 
including from more than one ^evol^ti;on. ,* : 1 X 1 " 



AS 



Although in the examples given, the sriaim.ing ; device 
used has been a touch probe, the t inv^ntiop is not K V» 

limited to such devices and non-contact, p'xzob^s such as t * 
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Divide Surface into 
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